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A GUARD RING OF A COMBINATION WAFER OR SINGULATED DIE 



BACKGROUND OF THE INVENTION 

1) . Field of the Invention 

[0001] This invention relates to the manufacture and structure of a guard ring of a 
combination wafer or a singulated die. 

2) . Discussion of Related Art 

[0002] Integrated circuits are usually formed in and on semiconductor substrates 
to form a combination wafer that is subsequently "singulated" or "diced" into 
individual dies. A combination wafer is singulated by directing a blade of a saw 
through the combination wafer scribe streets that extend in x- and y-directions 
between individual circuits. 

[0003] A blade of a saw may cause delamination of dielectric and metal layers 
that are deposited to form the circuits. In order to prevent such delamination, a 
guard ring is usually manufactured in the combination wafer around the individual 
circuits. The circuit of a particular die and the blade are on opposing sides of a 
guard ring, so that the guard ring prevents delamination of the dielectric and metal 
layers of the circuit. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0004] The invention is described by way of example with reference to the 
accompanying drawings, wherein: 

[0005] Figure 1 is a cross-sectional side view of a combination wafer which is 
partially processed up to a first upper metal layer; 

[0006] Figure 2 is a cross-sectional side view illustrating the combination wafer as 
further processed, including the first upper metal layer and up to a third upper 
dielectric layer; 

[0007] Figure 3 is a view similar to Figure 2 after a carbon mask is formed on the 
third upper dielectric layer and used to pattern the dielectric layers of the 
combination wafer illustrated in Figure 2; 

[0008] Figure 4 is a view similar to Figure 3 after a fourth upper metal layer is 
formed which includes vias and a first guard ring layer; 

[0009] Figure 5 is a top plan view of the combination wafer of Figure 4 illustrating 
the layout of guard ring trenches in which more guard ring layers are formed to 
define scribe streets between them; 

[0010] Figure 6 is a view similar to Figure 4 after further processing of the 
combination wafer, wherein the processing steps of Figures 3 and 4 are repeated 
two more times, each time with a wider guard ring trench; and 
[0011] Figure 7 is a view similar to Figure 5 after singulation of the combination 
wafer into individual dies. 
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DETAILED DESCRIPTION OF THE INVENTION 

[0012] A combination wafer is manufactured by (i) forming a plurality of 
alternating dielectric and metal layers, (ii) forming a guard ring trench in the layers, 
(iii) forming a guard ring layer in the guard ring trench, and then repeating (i), (ii) 
with a slightly wider guard ring trench, and (iii). A number of layers are thus 
simultaneously etched and lined with a guard ring layer, but the number of layers 
is not so large so as to cause lithographic problems that may occur when a deep, 
narrow guard ring trench is formed. An upper one of the layers that are patterned 
is always made of silicon dioxide, which includes less carbon than lower polymer 
layers and allows for a carbon mask to be formed and be easily removed. The 
slightly wider guard ring trench each time the process is repeated overcomes 
lithographic alignment problems that may occur when the guard ring trenches are 
exactly the same size. Subsequent guard ring layers are partially formed on one 
another, and provide a moisture seal. The guard ring layers are formed at the same 
time when vias are formed that are connected to electronic elements. 
[0013] Figure 1 of the accompanying drawings illustrates a portion of a partially 
processed combination wafer 10. The combination wafer 10 includes a 
semiconductor wafer substrate 12, in which and on which an electronic element in 
the form of a transistor 14 is formed. Other electronic elements such as capacitors, 
resistors, diodes, etc., may also be formed in and on the semiconductor wafer 
substrate 12. A first lower dielectric layer DTI is formed on the semiconductor 
wafer substrate 12. Via openings are formed in the first lower dielectric layer DTI 



Patent Application 



4 



042390P15993 



and filled with cylindrical lower plugs PT1 and PG1. A first lower layer MT1 of 
metal lines and metal layers is subsequently formed on the first lower dielectric 
layer DTI. The metal lines of the first lower layer MT1 are electrically connected to 
the lower plugs PT1. The metal layers of the first lower layer MT1 are formed on 
the lower plugs PG1. 

[0014] The process is repeated so that alternating lower dielectric layers and lower 
layers of metal lines and metal layers (DT2, MT2, DT3, MT3, DT4, MT4, DT5, MT5, 
and DT6) are alternatingly formed on top of one another, with lower plugs (PT2, 
PG2, PT3, PG3, PT4, PG4, PT5, PG5, PT6 and PG6) in each lower dielectric layer 
(DT2, DT3, DT4, DT5, and DT6). The metal lines together with the lower plugs PTn 
form electric connections to /from the electric elements represented by the transistor 
14. The metal layers together with the lower plugs PGn form a lower guard ring to 
the right of the electric connections. 

[0015] A first upper metal layer Ml is subsequently formed on the sixth lower 
dielectric layer MT6. The first upper metal layer Ml includes metal lines 16. The 
metal lines 16, together with the lower plugs PTn and metal lines of the lower layers 
MTn, together with the transistor 14 and other electronic elements, form an 
integrated circuit which is entirely located in the left of the combination wafer 10. 
A guard ring base layer 18 is formed above the lower guard ring, to the right of the 
integrated circuit. There are thus no components of the integrated circuit below the 
guard ring base layer 18. 

[0016] As illustrated in Figure 2, a first upper dielectric layer Dl is deposited on 
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the first upper metal layer Ml. A second upper metal layer M2 is then formed on 
the first upper dielectric layer DL The second upper metal layer M2 includes metal 
lines 20 that are connected to the upper plugs PI. The process is then repeated to 
form a second upper dielectric layer D2 and a third upper metal layer M3 with 
metal lines 22. The metal layers M2 and M3 are to the left of the guard ring base 
layer 18. A third upper dielectric layer D3 is formed on the third upper metal layer 
M3. 

[0017] Referring now to Figure 3, a carbon layer 24 is subsequently deposited on 
the third upper dielectric layer D3. The carbon layer 24 is subsequently patterned 
to form a mask having a plurality of openings 26 therein. The mask formed by the 
carbon layer 24 is then used to etch via openings 28 and a guard ring trench 30. 
Some of the via openings 28A stop at the first upper metal layer Ml, while other via 
openings 28B and 28C stop at the second and third metal layers M2 and M3, 
respectively. Etching of the guard ring trench 30 stops at the guard ring base layer 
18. 

[0018] The first and second upper dielectric layers Dl and D2 are made of a 
polymer that includes carbon. The third upper dielectric layer D3 is made of silicon 
dioxide (SiCh) that includes substantially no carbon. The carbon layer 24 can be 
formed on the silicon dioxide of the third upper dielectric layer D3 and easily be 
removed, because of the difference in chemical structures of the third upper 
dielectric layer D3 and the carbon layer 24. The carbon mask cannot easily be 
formed and be removed from the carbon-containing polymer of the first or second 
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upper dielectric layers Dl or D2. The number of steps required is also reduced by 
simultaneously etching the stack of the first, second, and third upper dielectric 
layers Dl, D2, and D3, as opposed to patterning each upper dielectric layer Dl, D2, 
and D3 individually. 

[0019] As illustrated in Figure 4, the carbon layer 24 is subsequently removed and 
a fourth upper metal layer M4 is formed. The fourth upper metal layer M4 includes 
metal lines 32 on an upper surface of the third dielectric layer D3. The fourth metal 
layer M4 also forms vias 34 that line the surfaces of the via openings 28. The via 
34A in the via opening 28A is also formed on an upper surface of one of the metal 
lines 16 of the first upper metal layer Ml. Vias 34B and 34C, formed respectively in 
the via openings 28B and 28C, contact metal lines 20 and 22 of the second and third 
upper metal layers M2 and M3, respectively. 

[0020] The fourth upper metal layer M4 further forms a first guard ring layer 
having upper portions 36A and 36B on opposing sides of the guard ring trench 30, 
side walls 38A and 38B on opposing side surfaces of the guard ring trench 30 and a 
base portion 40 on the guard ring base layer 18. 

[0021] As illustrated in Figure 5, the combination wafer of Figure 4 has a plurality 
of unsingulated dies 42. Each unsingulated die 42 has a respective circuit with via 
openings 28 formed therein. Each unsingulated die 42 also has a respective guard 
ring trench 30 in a rectangular form that entirely surrounds the respective circuit of 
the respective unsingulated die 42. Scribe streets 43 are defined between the guard 
ring trenches 30 and extend in x- and y-directions across the combination wafer 10. 
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[0022] Figure 6 illustrates the combination wafer 10 after the processing steps 
illustrated in Figures 3 and 4 are repeated two more times, to form fourth to ninth 
dielectric layers D4, D5, D6, D7, D8, and D9, alternated with fifth through tenth 
metal layers Ml, M5, M6, M7, M8, M9, and M10. The fourth and fifth upper 
dielectric layers D4 and D5 are made of a polymer, and the sixth dielectric layer D6 
is made of silicon dioxide, on which a carbon mask is formed. Vias 44 of the 
seventh upper metal layer M7 come down onto either the metal lines 32 of the 
fourth upper metal layer M4, or metal lines 46 of the fifth upper metal layer M5 (or 
metal lines of the sixth upper metal layer M6). 

[0023] A guard ring trench 48 is formed in the fourth, fifth, and sixth upper 
dielectric layers D4, D5, and D6. The guard ring trench 48 is located above the 
guard ring trench 30, and is wider than the guard ring trench 30. One reason why 
the guard ring trench 48 is wider than the guard ring trench 30 is because the guard 
ring trench 48 cannot be made as wide as the guard ring trench 30, given 
lithographic imaging constraints. 

[0024] The seventh upper metal layer M7 forms a second guard ring layer having 
portions 50A and SOB on an upper surface of the sixth upper dielectric layer D6 on 
opposing sides of the guard ring trench 48. The second guard ring layer also has 
portions 52A and 52B on side surfaces of the guard ring trench 48, portions 54A and 
54B on the portions 36A and 36B of the first guard ring layer, portions 56A and 56B 
on the portions 38A and 38B of the first guard ring layer, and a base portion 58 on 
the base portion 40 of the first guard ring layer. An interface between the first 
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guard ring layer and the second guard ring layer, especially between the portions 
54A and 36A, and the portions 54B and 36B, provides an efficient moisture seal. 
[0025] For purposes of simplicity, the combination wafer 10 is shown up to the 
tenth upper metal layer M10. It should, however, be understood that the process 
illustrated in Figures 3 and 4 may again be repeated to form up to a fourteenth 
upper metal layer. The tenth upper metal layer forms a third guard ring layer that 
is formed on side surfaces of a guard ring trench 60 located above and which is 
wider than the guard ring trench 48, and on the second guard ring layer. An upper 
guard ring is thus formed which includes the first, second, and third guard ring 
layers. 

[0026] By repeating the process of Figures 3 and 4 in the manner illustrated with 
reference to Figure 6, a number of layers (e.g., D4, D5, and D6) are simultaneously 
etched and lined with a guard ring layer. The number of layers that are 
simultaneously processed are not so many that would create lithographic problems 
(as may occur when a deep narrow guard ring trench has to be formed). A further 
advantage is that the guard ring layers are formed at the same time that the vias are 
formed. 

[0027] Referring now to Figure 7, the combination wafer 10 is subsequently sawed 
or "diced" into singulated dies 42 by directing a blade of a saw through the 
combination wafer 10 along scribe streets 43 of Figure 5. A respective guard ring, 
including a plurality of guard ring layers, is formed in each one of the guard ring 
trenches 30. Each upper guard ring (Figure 6), together with a respective lower 
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guard ring (Figure 1), protects a circuit of a respective die by preventing 
delamination of the dielectric and metal layers that the circuit is made of when the 
blade travels through the combination wafer along a scribe street 43 on an opposing 
side of the respective guard ring. 

[0028] While certain exemplary embodiments have been described and shown in 
the accompanying drawings, it is to be understood that such embodiments are 
merely illustrative and not restrictive of the current invention, and that this 
invention is not restricted to the specific constructions and arrangements shown 
and described since modifications may occur to those ordinarily skilled in the art. 
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